Two types of housefly acetylcholinesterases (AChEs) were expressed in a baculovirus lepidopteran cell system to elucidate the effect of point mutations from Ile 162 , Gly 342 Ϫ6 M. The ratio of I 50 values was 22.4, and was almost equivalent to the ratio of the inhibition assay of homogenates of housefly bodies from which the cDNAs encoding the housefly AChEs were derived. The insensitivity of the housefly AChE to fenitroxon in the insecticide resistant strains is attributed to point mutations in the structural gene.
INTRODUCTION
Acetylcholinesterase (AChE), which exists on the cholinergic post synaptic membrane, terminates the signal transmission by hydrolyzing excess amounts of acetylcholine (ACh) released from the presynaptic membrane. Organophosphorus and carbamate insecticides competitively inhibit AChE, and cause a desensitization of the ACh receptor leading to a blockage of signal transmission. Wide and long term application of insecticides has evoked the development of resistance in many pests. Some pests which have developed resistance to these insecticides have insensitive AChEs to these chemicals as a main factor of the resistance . The insecticide resistant housefly has an insensitive AChE (Tripathi and O'Brien, 1973) , and this also occurs in some Japanese strains (Ugaki et al., 1985; Lee et al., 1996) .
The genetic mechanisms involved in insecticide resistant AChE diverges among the insects. Point mutations in the structural gene of AChE confer insensitivity in insecticide resistant strains of Drosophila melanogaster . Houseflies of insecticide resistant strains also share equivalent point mutations with the Drosophila AChE (Huang et al., 1997; Kozaki et al., 2001b) . On the contrary, polymorphism in the genes can not be attributed to sensitivity in Nephotettix cincticeps (Tomita et al., 2000) and Culex tritaeniorhynchus (Mori et al., 2001) . In these cases, a post translational modifying factor seems to be important.
In a previous study, we performed fenitroxon-inhibition assays using 20 individual houseflies, which differed in sensitivity to an organophosphate, fenitroxon, and found that certain mutations in the AChE coding region implicated fenitroxon sensitivity (Kozaki et al., 2001a) . The heterologously expressed Drosophila and Aedes (Vaughan et al., 1997) AChEs became insensitive to the organophosphates and carbamates through point mutations. However, it has not been proved that the point mutations on the structural gene confer insensitivity in the housefly.
In this study, two types of cDNA clones encoding the housefly AChEs were incorporated into baculovirus, and expressed in Sf9 cells (derived from Spodoptera frugiperda). The effect of point mutations on the housefly AChEs was verified by an inhibition assay of AChE activity with fenitroxon.
MATERIALS AND METHODS

Construction of the viruses expressing
AChEs. The recombinant baculoviruses expressing AChEs were constructed with two AChE cDNAs; CT1 clone from a fenitroxon sensitive housefly, and CT13 clone from a fenitroxon resistance housefly (Kozaki et al., 2001a , GenBank accession number AF281163) using Bac-To-Bac Baculovirus Expression System (GIBCO BRL). The coding region of each cDNA was amplified using Advantage cDNA PCR kit (CLONTECH) with forward S99 (5Ј-CGTTAGTTTTTGCAGCAGTG-3Ј) and reverse AS98 (5Ј-GTGTGGGTGAGTGTTTTGTG-3Ј) primers under the following temperature cycles: 3 cycles at 94°C for 30 s, 60°C for 3 min, 30 cycles at 94°C for 30 s, 55°C for 30 s, 60°C for 3 min, and 68°C for 3 min. Amplified DNA fragments were ligated into the pGEM-T Easy vector (Promega), and competent JM109 was transformed with the vector. Ten colonies containing the AChE cDNA were isolated and the nucleotide sequence of the plasmids were determined by BigDye Terminator Cycle Sequencing method and a ABI PRISM 310 Genetic Analyzer or ABI PRISM 377 DNA Sequencer (Applied Biosystems). After the sequence was confirmed, the plasmid was double digested by NotI and SpeI, and a DNA fragment of 2.1 kbp encompassing the AChE coding region was recovered from an electrophoresed agarose gel using Sephaglas BandPrep Kit (Pharmacia). These were inserted into the downstream region of a polyhedrin promoter in the pFAST BAC vector, and translocated into bacmid DNA (baculovirus DNA) following the manufacturer's instructions. The viruses prepared here were designated AcCT1 and AcCT13, respectively. As a control virus, pFAST BAC vector without insert was recombinated with bacmid DNA.
Expression of housefly AChE in Sf9 cells. Sf9 cells were cultured in the serum free medium of Sf-900 SFM (Gibco BRL) containing 100 U/ml penicillin. The cells were infected with AcCT1, AcCT13 or the control virus at an MOI (multiplicity of infection) of 8.0, and were incubated at 27°C for 96 h. The cells were separated from medium by centrifugation at 400ϫg for 5 min and sonicated with 0.1% Triton-X 100 for 3 min. The cell homogenates were applied to SDS-PAGE and AChE assay. SDS-PAGE. PAGE was conducted on 12% separating gels. Samples were treated with 10% SDS sample buffer containing 12% b-mercaptoethanol to reduce disulfide bonds. The gels were stained by Coomassie Brilliant Blue using Quick-CBB (Wako).
AChE assay. Assay of AChE activity followed the protocol described by Mamiya et al. (1997) . The cells infected by the control virus were used as a control. In order to determine the sensitivity of AChE to insecticides, the residual AChE activity was measured by the DTNB method (Ellman et al., 1961) at 0 and 20 min after preparation of the reaction mixture in the presence of 0, 0.03, 0.1, 1, and 10 mM fenitroxon.
RESULTS
The differences in deduced amino acids between the original CT1 and CT13 cDNA clones occurred at 6 positions; aa. #17, #23, #162, #342, #407, and #677 (Fig. 1) . However, one additional substitution was generated in CT13 cDNA after PCR-amplification (Thr 67 in CT13 was changed to Ala 67 in AcCT13, Fig. 1 ). The additional substitution was probably due to misreading by Taq DNA polymerase used in the PCR. The signal peptide estimated by the SignalP 2.0 program (Nielsen et al., 1997) was Met 1 to Met 81 and the misreading of Thr 67 to Ala 67 occurred here. Therefore, this mutation does not affect enzyme activity of CT13 and it was ignored in this study. Another substitution and a deletion at aa. #17 and #23 were also in the signal peptide, and a substitution at aa. #677 at the C-terminus was in the region which would be replaced with the GPI anchor (Hass et al., 1988) . They would not be left in the mature protein either, so it was possible to focus on only three substitutions, aa. #162, #342, and #407 in this study.
The proteins of cells infected with AcCT1 and AcCT13 were separated by SDS-PAGE (Fig. 2) .
The cells infected with control virus and mock infection were used as controls. Two bands of 50 and 67 kDa appeared in cells infected with AcCT1 and AcCT13. These products were very similar in size to the Drosophila AChE expressed in Xenopus oocytes. One subunit of Drosophila AChE was composed of two noncovalently linked peptides of 18 and 55 kDa resulting from the cleavage of an inner hydrophilic peptide from a 75 kDa single precursor (Mútero and Fournier, 1992) . Housefly AChE shares this internal hydrophilic peptide (Arg 190 -Pro 220 ), and the same proteolysis occurs in posttranslational modifications. The 50 kDa product seems to correspond to the large portion of a precursor, and the 67 kDa product is probably a subunit consisting of the large and small portions of the precursor. If no proteolysis of the hydrophilic peptide occurs, the estimated product is about 77 kDa. The main products, however, were 50 and 67 kDa. This would indicate that most of the precursor expressed in Sf9 cells was subjected to the similar post translational modifications as the Drosophila AChE. A 18 kDa product was not clearly detected in the gel, because the band was too small in molecular size to be visualized in the 12% SDS-PAGE gel.
Enzyme assays were performed with both medium and cell homogenates from virus infected cells by the DTNB method using acetylthiocholine (ATCh) as a substrate in order to confirm the proper localization of active AChEs (Fig. 3) . AChE activity was high in the cells infected with AcCT1 and AcCT13 (2,785 and 2,421 ATCh pmol/min/ml, respectively), and predominantly found in the cell homogenates. Therefore the subsequent assays used cell homogenates. The specificity of expressed enzyme was examined with ATCh and butyrylthiocholine (BTCh) as substrates in order to characterize the expressed enzyme. Kinetic constants for substrates and I 50 of housefly AChEs are presented in Table 1 . The affinity for both substrates was almost equal in AcCT1 and AcCT13, however the V max values for BTCh were lower than the values for ATCh in both AcCT1 and AcCT13. The expressed products selectively hydrolyzed ATCh. Then, an inhibition assay with fenitroxon was conducted (Table 1) with ATCh as a substrate. I 50 value of AcCT1 was 4.02ϫ10 Ϫ7 M, and that of AcCT13 was 9.00ϫ10 Ϫ6 M. The ratio of I 50 values between AcCT1 and AcCT13 was 22.4, which was similar to the 19.3, ratio of the homogenates of CT1 and CT13 in houseflies (Kozaki et al., 2001a) .
DISCUSSION
The heterologously expressed AChE with Met 162 , Ala 342 and Tyr 407 was 22.4 times less sensitive than the one with Ile 162 , Gly 342 and Phe 407 . Point mutations occurring in the housefly AChE changed the enzyme sensitivity to fenitroxon. Although the I 50 values of expressed AChEs shifted to less sensitive, the inhibition ratio between AChEs expressed in AcCT1 and AcCT13 were almost equivalent to that of CT1 and CT13 where the head homogenates were used as the enzyme source (Kozaki et al., 2001a, Table 1 ). Considering that the enzymatic activity and sensitivity to fenitroxon were similar to the native ones, the housefly AChEs expressed in this system seem to hold a structure near the native one. The present expression system is suitable to characterize amino acid substitutions in the housefly AChE.
Three substitutions introduced in this study located around the active site of the enzyme are described in Drosophila AChE (Harel et al., 2000) (Fig. 4) (Kozaki et al., 2001a) , and AcCT1 and AcCT13 are from baculovirus infected Sf9 cells.
Numbering of amino acid residues follows that of the aabys strain. Drosophila and Aedes (Vaughan et al., 1997) AChEs. These two residues are thought to have a strong correlation with the sensitivity to fenitroxon in the housefly AChE also. However, the effect of Ile 162 and Met 162 can not be ignored. In this study, the housefly AChE became insensitive to fenitroxon with three substitutions, however it is not sufficient to focus the effect of insensitivity on single substitutions or interactions among them. In addition, other mutations were found in the insecticide resistant strains such as Val 260 to Leu 260 and Gly 342 to Val 342 (Huang et al., 1997; Kozaki et al., 2001b) . Although they are located around the active site of the enzyme, their contributions to insecticide sensitivity remain to be elucidated. This study demonstrates that the heterogeneous expression of the housefly AChE by a baculovirus-cultured cell system is useful for examining these mutations.
